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I. INTRODUCTION
The explorations of the Large Hadron Collider (LHC) at √ s = 7 and 8 TeV have significantly impacted the parameter space available for low-energy supersymmetry as a solution to the hierarchy problem. In the once-popular "minimal supergravity" (or "constrained minimal supersymmetric standard model", CMSSM) scenario, the lower bounds [1] [2] [3] [4] on gluino and up-squark and downsquark masses are now well over 1 TeV in all cases, and are up to about 1.7 TeV in the case that gluino and squark masses are equal. This motivates looking at supersymmetric models that instead have non-universal boundary conditions on the soft scalar and gaugino masses. Such models can have lower detection efficiencies through compression of the superpartner mass spectrum. However, the LHC searches still have a significant reach [5] [6] [7] [8] even in the limit of a severely compressed superpartner mass spectrum, and for moderate compression, the reach is comparable to that for CMSSM models, for fixed gluino and squark masses. The increasing lower bounds on superpartner masses appears to require some fine tuning to accommodate the electroweak scale. (For recent reviews of naturalness in supersymmetry, see refs. [9] [10] [11] [12] .) In particular, the supersymmetric Higgs mass parameter µ that appears in the Higgs potential has to be balanced against the supersymmetry-breaking Higgs mass parameters, with, including the leading terms from the one-loop effective potential, where terms suppressed by 1/ tan 2 β or by loop factors are omitted, and f (x) = x ln(x/Q 2 )−x, with Q the renormalization scale at which all of the other parameters on the right side are evaluated as running parameters. Also, A t = a t /y t , where a t (H + ubL −H 0 utL )t * R appears in the soft supersymmetry breaking Lagrangian.
Increasing bounds on superpartner masses do not imply fine-tuning of µ by itself. This is because µ is multiplicatively renormalized, and can be obtained from dimensionless supersymmetrypreserving couplings (which can be small, completely naturally) multiplied by supersymmetry breaking parameters, as in either the Kim-Nilles [13] or Giudice-Masiero [14] mechanisms or the next-to-minimal supersymmetric standard model [15] , for example. However, in order to accommodate the known small value of −m 2 Z /2, it appears to be necessary to "tune" the remaining terms on the right side of eq. (1.1) against |µ| 2 . This has lead to the popularity of the ideal of "natural supersymmetry" (see e.g. ref. [16] ), in which one argues that therefore |µ| should be not more than a few hundred GeV, and that top squark masses (and the gluino mass, which feeds into them through radiative corrections) should be not much heavier, perhaps below a TeV or so. Because there is no objective measure on parameter space, it is not possible to be more precise than this using unambiguous scientific arguments.
This "natural supersymmetry" parameter space has not yet been eliminated by LHC direct searches for the gluino, top squarks, and higgsinos, but it is increasingly under tension (see, for example, [17] ). Furthermore, the measured Higgs mass is difficult to obtain if both top squarks are light. Therefore one might retreat to a more limited notion that I will refer to as "semi-natural supersymmetry", in which only |µ| 2 is required to be small (say, less than a few hundred GeV). This can be viewed as requiring only one tuning; namely, the rest of the right-hand side of eq. (1.1). This tuning is simply accepted, as it is preferable to the qualitatively more ridiculous tuning associated with non-supersymmetric extensions of the Standard Model. From this perspective, there is no real problem with the observed Higgs boson mass, since one does not require top squarks to be light. The same sort of idea has been considered under the name "Higgsino (LSP) world" in [18] - [20] , and the phenomenology has been studied in depth in [20] (see also [21] )for a realization that is qualitatively similar but somewhat different from the present paper. The "focus point" scenario [22] - [27] at large scalar masses is another well-known example realizing small µ.
In CMSSM models, the largest contributions to m 2 Hu at the electroweak scale are due to the influence of the gluino mass through renormalization group running [28, 29] . It has long been appreciated and studied [28] - [54] that if one abandons the usual CMSSM boundary condition of equal gaugino masses at the scale of apparent unification of gauge couplings, then the little hierarchy problem can be ameliorated. Specifically, this can be accomplished by choosing the gluino mass parameter (M 3 ) to be smaller than the wino mass parameter (M 2 ) by a factor of roughly 3 at the scale of the apparent unification of gauge couplings, M U . This leads to smaller values of |µ| 2 , which is taken here as an indirect indicator for semi-natural supersymmetry, as explained above. There are many ways to achieve this, including the possibility [55] - [61] that the F -term that breaks supersymmetry and gives mass to the gauginos is not in a pure singlet representation of the global SU (5) or larger group that contains the Standard Model gauge group
These models were the subject of much study even before the LHC turned on, in part because the supersymmetric little hierarchy problem was evident already with the negative Higgs search results of the LEP2 collider.
Ref. [41] contained a study of this possibility and showed the existence of regions of parameter space that feature much less extreme cancellation between |µ| 2 and the rest of eq. (1.1) than can be found in CMSSM for the same gluino and squark mass scales. In particular, regions of parameter space were exhibited that obtain small values of |µ|, similar to the focus point case and continuously connected to it in parameter space, but with the superpartners as light as could be tolerated by the direct search limits at the time. However, this paper appeared just before the discovery [62] - [65] of the Higgs boson with a mass near 126 GeV. As a consequence, almost all of the interesting parameter space chosen in [41] is now apparently ruled out by the Higgs boson mass. The purpose of the present paper is to present a similar study, but now updated to include consistency with the Higgs discovery. Here, one should take into account the very significant uncertainties in the theoretical prediction of the Higgs mass [66] - [107] . As emphasized in [107] , it is likely that the leading O(α 2 S y 2 t ) 3-loop corrections not used in most publicly available two-loop programs [94] - [105] and calculations, but appearing in [92, 93] , and the public 3-loop program H3m [106] , will raise the Higgs mass prediction significantly, especially for very large top-squark masses. However, there is an effect from the three-loop O(α S y 4 t ) contributions [92] which appears to dilute this effect by perhaps half. In my opinion, this situation really just highlights the theoretical uncertainties that are still large in the case of one or both top squarks very heavy, despite the great efforts that have gone into calculating multi-loop corrections. In the following, I will simply use the MSSM model program SuSpect [100] to translate parameters into physical masses, but then allow the predicted value of M h to fall anywhere in the region from 123 to 128 GeV.
In any study of MSSM parameter space, somewhat arbitrary choices must be made in order to keep the presentation finite. (See however [108] [109] [110] .) Below, I will choose to consider only modifications of the CMSSM in which the gaugino mass parameters are non-universal in such a way as would follow from F -terms in a mixture of a singlet and a 24 representation of SU (5), following ref. [41] . The gaugino masses are parameterized at M U as
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where m 1/2 is an overall gaugino mass scale, and c 24 = cos θ 24 and s 24 = sin θ 24 , where θ 24 is an angle that parameterizes how much of the F -term is in the adjoint representation of SU (5). In particular, θ 24 = 0 is the usual CMSSM-like unified gaugino mass case, while θ 24 = ±π/2 is the case of a pure 24 of SU (5). Shifting θ 24 by π corresponds to changing the signs of all three gaugino masses, which is the same as changing the signs of the scalar cubic couplings and the µ term. In the following, I will consider slices of parameter space with fixed M 3 , as this corresponds to roughly constant values of the physical gluino mass, often the most important figure of merit for present LHC bounds. The sign of µ/M 3 will be taken positive. For simplicity, I will also follow [41] by keeping the scalar masses universal at M U , parameterized by a variable m 0 as in the CMSSM. Then, as shown in [41] , the parameter space that evades direct constraints on superpartners splits into disjoint "continents" (and some small islands) when mapped in the m 0 vs. In the following, I will map out the predicted values of the µ parameter for several parameter space planes, showing how small µ can naturally be obtained outside of the usual focus point region. This includes regions of parameter space in which soft supersymmetry breaking is dominated by large gaugino masses, with m 2 1/2 exceeding m 2 0 and A 2 0 by orders of magnitude. By doing this, one finds that constraints from flavor-violating processes such as b → sγ and B s → µ + µ − are easily evaded throughout the parameter spaces considered below. The contribution to the muon anomalous magnetic moment is no worse (and not significantly better) than in the Standard Model. I will require that the lightest supersymmetric particle (LSP) is a neutralino, and also map out regions of parameter space according to the predicted relic density of dark matter (obtained using the program micrOmegas [111] [112] [113] [114] ). Here it is important to realize that even if the prediction is far off from the current value of Ω DM h 2 = 0.12 from [121, 122] , the model can still be viable. If the prediction for Ω DM h 2 is too low, then axions or something else could be part or all of the dark matter. If the prediction for Ω DM h 2 is too high, then the lightest neutralinoÑ 1 could decay, either by R-parity violation, or into some lighter R-parity odd particle χ, which would reducing Ω DM h 2 by a factor of M χ /MÑ 1 [115] - [118] . Nevertheless, it is interesting to consider the simplest case in whichÑ 1 is assumed to be stable with a thermal relic abundance. I will use the term "allowed neutralino dark matter" for the case that the predicted thermal Ω DM h 2 < 0.12, where eitherÑ 1 is the dark matter or a subdominant component of it, no matter how small. The complementary region where Ω DM h 2 > 0.12 will also be mapped, and the boundary between these two regions is where one can straightforwardly takeÑ 1 to be the dominant dark matter component with a thermal relic abundance. Here, it will turn out that much of the parameter space is consistent with the recent XENON100 [119] and LUX [120] direct detection constraints.
II. MODELS WITH SMALL STOP MIXING (
First, consider a class of models that is of interest because it includes, as a special case, the choice that was used by the LHC experimental collaborations to constrain CMSSM models with early data at √ s = 7 and 8 TeV. Take tan β = 10, µ > 0, and A 0 = 0 in the usual CMSSM language, and allow m 0 and θ 24 to vary. Maps of the resulting parameter space for µ and for Ω DM h 2 are shown in Figure 2 .1 for the case of M 3 = 2000 GeV at M U . The allowed parameter space is divided into three distinct continents. As explained in [41] , the range for the plots is chosen to be −1/4 < θ 24 /π < 3/4 in order to avoid splitting up the continents unnaturally on the map. The vertical dashed line at θ 24 = 0 represents the special case of CMSSM on this plot and similar ones below. In Figure 2 .1a, and similar figures below, the different shaded regions correspond to different values of µ, according to:
750 GeV < µ < 1000 GeV (green), 1000 GeV < µ < 1500 GeV (blue),
The lowest black line on each continent shows where SuSpect predicts M h = 123 GeV, with each higher line corresponding to 1 GeV larger for the M h prediction. Recall that the theoretical uncertainties are such that a predicted values of 123 GeV may well be consistent with the observed Higgs mass. (Boundaries of the shaded region that are not black solid lines correspond to the requirements of a neutral LSP, no charged superpartner less than 100 GeV accessible to LEP searches, or correct electroweak symmetry breaking.) An important feature of this parameter space is that as θ 24 increases from 0, the region compatible with the observed Higgs mass increases, extending down to lower values of the scalar masses as parameterized here by m 0 . This is because of the relatively larger top-squark mixing.
In each of the continents in Figure 2 .1b, the region with Ω DM h 2 < 0.12 is shown in blue, and the region with Ω DM h 2 > 0.12 is in pink. The boundary between these two shaded regions agrees with the cosmological results from the WMAP [121] and Planck [122] experiments. Several regions can be seen in Figure 2 .1b to have allowed neutralino dark matter. In the CMSSM case (θ 24 = 0), the focus point region [22] - [27] occurs at m 0 ≈ 7900 GeV. As one moves to larger values of θ 24 , this region with allowed neutralino dark matter and small µ moves to much lower values of m 0 , until for θ 24 /π near 0.056 it extends down to very small m 0 . The plot is cut off at m 0 = 100 GeV for artistic reasons, but in fact the allowed region even extends down to negative m 2 0 . Unlike the situation in the CMSSM, this is possible because the LSP is a higgsino-like neutralino here, rather than a charged slepton, due to the small value of µ, as can be seen in Figure 2 .1a. It is interesting that the parameter space thus allows gaugino mass domination of the soft terms, consistent with the constraints of proper electroweak symmetry breaking, M h , and allowed neutralino dark matter, and providing a solution of the supersymmetric flavor problem similar to "no-scale" [123] [124] [125] In each region, the lowest black solid line corresponds to M h = 123 GeV as calculated by SuSpect, with each higher black line having M h increased by 1 GeV. In the top figure, the different shaded regions from top to bottom (red, orange, green, blue, purple) corresponding to µ < 500, 750, 1000, 1500 and 2000 GeV, with the lowest (gray) shaded region for µ > 2000 GeV. In the lower figure, Ω DM h 2 < 0.12 is blue and Ω DM h 2 > 0.12 is pink. The same color conventions will be used throughout this paper.
"gaugino mediated" [126] [127] [128] models.
On the other side of the CMSSM-like continent in Figure 2 .1, with θ 24 < 0, the focus point region occurs at larger values of m 0 . On the left side of this continent, on a vertical line with θ 24 /π ≈ −0.056, there is sufficient wino mixing in the LSP to give efficient dark matter co-annihilation [129] - [132] . This corresponds to a mostly bino LSP with winos that are only 30 GeV or so heavier. In the corner of parameter space with large m 0 ∼ 10 TeV and θ 24 /π ≈ −0.056, the focus point and small M 2 regions merge in a realization of the "well-tempered neutralino" [134] with µ and M 2 both comparable to M 1 , so that the LSP is a mixture of bino, wino, and higgsino in the right proportions to allow efficient annihilation of dark matter in the early universe.
In the right-most continent in Figure 2 .1, extending from 0.33 < θ 24 /π < 0.72, there is likewise a focus-point-like region with large m 0 . This region is again continuously connected to a small µ region, here along the continent's left edge at θ 24 /π ≈ 0.33. This small-µ region once again extends down to negligibly small m 0 , with gaugino mass dominance giving a solution to the supersymmetric flavor problem, and small values of µ providing semi-natural supersymmetry.
On the left-most continent, with −0.232 < θ 24 /π < −0.116, there is still a very thin focus-point region with small µ at large m 0 , but this does not connect to any regions with small m 0 . In both the left-most and right-most continents, there are small regions at very large m 0 in which allowed neutralino dark matter is achieved through near-resonant bino-like LSP annihilation through schannel Z and h exchange [135] . These small regions, with mÑ 1 near M Z /2 and M h /2 respectively, are centered near θ 24 /π = −0.219, 0.716 and near −0.211, 0.707 respectively. In these models, the only superpartners that are kinematically accessible to the LHC besides the bino-like LSP are the higgsino-likeÑ 2 ,Ñ 3 andC 1 with typical masses of several hundred GeV.
The existence of the separate continents as seen in Figure 2 .1 is a generic feature of the parameter space of models described by a mixture of SU (5) singlet and adjoint F -term gaugino masses. However, for simplicity, in the remainder of this paper I will restrict attention to the CMSSM-like continent that is continuously connected to θ 24 = 0.
The maps of the µ parameter and allowed neutralino dark matter, for models consistent with M h and other constraints, are shown in Figure 2 .2 for M 3 = 1200, 1500, 2000, and 2500 GeV. In each case, A 0 = 0, and tan β = 10, with µ > 0, just as in Figure 2 .1. The M 3 = 1200 case was chosen as this is one of the lowest values for which M h is consistent with observation in an appreciable region of parameter space, although one must have m 0 ∼ > 5000 GeV. The reason that significantly lower M 3 will not work with these parameters is that to try to accommodate M h one must increase the scalar masses (through m 0 ) so much that electroweak symmetry breaking does not work (the solution for |µ| 2 from the effective potential becomes negative).
For both M 3 = 1200 and 1500 GeV, the resulting allowed neutralino dark matter region in Figure 2 .2 consists of a focus-point region with small µ that is continuously connected to a region on the left (with θ 24 /π ∼ < −0.055) were M 2 is smaller, giving a bino-like neutralino LSP with significant wino content. For M 3 = 1500 GeV, this region extends to slightly smaller values of m 0 , but one must still have m 0 larger than 4000 GeV.
For larger M 3 , the region consistent with M h in Figure 2 .2 increases dramatically. As noted above, for M 3 = 2000 GeV and M 3 = 2500 GeV, the region of allowed neutralino dark matter then extends to very small values of m 0 on the right side of the continent, with θ 24 /π ∼ > 0.05. (Note that the M 3 = 2000 GeV case is just a close-up of the full map shown in Figure 2 .1.) In particular, for θ 24 > 0, the viable region where M h is large enough is seen to include much lower values of m 0 than in CMSSM, and even extends down to m 2 0 < 0. This also coincides with a region of allowed neutralino dark matter with small µ. This region is continuously connected to the focus point region. The region is particularly attractive because the gaugino mass dominance provides a natural solution to the supersymmetric flavor problem; flavor violation is suppressed by the large ratio of gaugino masses to scalar masses yielding a nearly flavor-bind sfermion sector. Here the scalar squared masses are parameterized by the small flavor-preserving m 2 0 , but in general they could be any similarly small scalar squared masses with arbitrary flavor structure without significantly affecting the results. In both the M 3 = 2000 and 2500 GeV plots, the lower boundary of the shaded allowed region is set by the imposed requirement that the LSP not be a charged stau.
(If R-parity is violated, this requirement could be relaxed.) Note that because of the requirement of accommodating M h , the physical gluino mass has to be of order at least about 3 TeV, so that LHC discovery prospects may have to hinge on discovery of the lighter bino-and higgsino-like neutralino and chargino states instead. This will require very high luminosity because of the low cross-section, and may be quite problematic.
In the M 3 = 2000 and 2500 GeV plots of Figure 2 .2, there is also a small island of allowed neutralino dark matter visible centered near (θ 24 /π, m 0 ) = (0.043, 1300 GeV) in the latter plot, on the shores of which Ω DM h 2 = 0.12. Here the LSP is mostly bino-like but with a significant mixing with somewhat heavier higgsinos, and efficient annihilation of dark matter in the early universe crucially relies on the near-resonant co-annihilation process through a charged Higgs scalar boson:
with an important role played also by neutral Higgs-mediated co-annihilations N 1Ñ2,3 → bb mediated by neutral Higgs bosons A 0 and H 0 . The higgsino-likeÑ 2 ,C 1 can be up to about 225 GeV heavier than the LSP here.
III. MODELS WITH MODERATE STOP MIXING (
Next, consider models in which the usual CMSSM-like parameter A 0 is constrained to be equal to −m 0 at M U . This provides for a stronger mixing of top squarks, which in turn increases the prediction for M h , allowing for models to be viable with lower overall superpartner masses. The maps of µ and Ω DM h 2 in the m 0 vs. θ 24 /π plane are shown for four choices M 3 = 600, 1000, 1500, and 2000 GeV, in Note that for A 0 = −m 0 , this time there is no focus point region with large m 0 and small µ that is consistent with the observed Higgs mass. (The focus point can be restored by generalizing it to include large non-universal scalar masses [27] .) On the left side of the continent, there is again a region with allowed neutralino dark matter due to significant wino mixing in the LSP. However, this case is always associated with large |µ| in these models, and so could be viewed as disfavored for semi-natural supersymmetry and more generally in any motivational scheme in which |µ| is taken to be a proxy for fine-tuning. In the M 3 = 1500 and 2000 GeV cases, we again see islands (centered near θ 24 /π = 0.051 and m 0 = 1300 GeV in the latter case) of allowed neutralino dark matter associated withÑ 1C ± 1 → tb, andÑ 1Ñ2,3 → bb co-annihilations mediated by heavy Higgs bosons bringing about a reduction in the thermal relic abundance. These islands are significantly larger than in the A 0 = 0 case of the previous section, but are again associated with µ ∼ > 1500 GeV, with a mostly bino-like LSP that is significantly mixed with higgsinos that are up to 250 GeV heavier.
Although there is no region with small µ or allowed neutralino dark matter in the CMSSM cases here (the vertical dashed lines in Figure 3 down to very small m 0 when M 3 is larger than 1000 GeV at the GUT scale, again corresponding to a gaugino mass dominated scenario in which flavor violation is naturally suppressed. The region can provide allowed neutralino dark matter due to the significant higgsino content of the LSP, depending on how small µ is. Note that in the case of M 3 = 2000 GeV at M U , the SuSpect prediction when m 0 is small is for M h between 124 and 125 GeV, which may, however, actually be too high in view of the three-loop radiative corrections [92, 93, 106, 107] . For the M 3 = 1500 GeV figure, the SuSpect prediction is between 123 and 124 GeV, and would therefore rely on 3-loop or other radiative corrections not included in SuSpect in order to bring it to the observed range. Values of M 3 between these two would interpolate between the two cases. As in Figure 2 .2, in M 3 = 1500 and 2000 GeV in Figure 3 .1 the lower bound of the allowed shaded region, when it is not a solid black line, is where the stau would become the LSP.
IV. MODELS WITH LARGER STOP MIXING (
In this section, I consider models with larger stop mixing, by taking A 0 = −2m 0 at M U , so that M h is made larger. In figure 4.2, I show the results of a map of this parameter space generalized to non-zero θ 24 , for tan β = 10, varying m 0 and four choices of M 3 = 600, 900, 1200, and 1500 GeV. Note that here we can accommodate the observed Higgs mass with much lower values of the gluino mass. The lowest value of 600 GeV was chosen because this gives a physical gluino mass of about Mg = 1400-1500 GeV (depending on the other parameters), and lower values would likely be ruled out by direct searches at the LHC, although such searches specifically for this scenario have not been conducted. Recent searches for supersymmetry in the CMSSM case at ATLAS have used as a comparison model the case with tan β = 30 and A 0 /m 0 = −2 rather than 0. This allows the CMSSM models to accommodate M h = 126 GeV, unlike the old standard choices of tan β = 10 and A 0 = 0. A similar set of maps is therefore shown in Figure 4 .2 again for A 0 /m 0 = −2 but with tan β = 30. For the CMSSM θ 24 = 0 case, the ATLAS limit [1] [2] [3] is between M 3 = 550 and 800 GeV, depending on m 0 .
The maps shown in Figures 4.1 and 4.2 only go up to M 3 = 1500 and 1200 GeV respectively, to emphasize that this is all that is needed in order to accommodate the observed Higgs boson mass. However, there is nothing wrong with higher M 3 , which would allow even lower m 0 , and increase the regions where semi-natural supersymmetry with small µ is allowed. In fact, for M 3 larger than about 1500 GeV, the results for small m 0 are very similar to those of the previous sections, because then A 0 will also be small compared to the overall scale set by gaugino masses, due to the assumed relation A 0 = −2m 0 . Therefore, plots with larger M 3 are not shown, for brevity. Note that the maps of Figures 4.1 and 4.2 are also qualitatively similar to the A 0 = −m 0 maps of the previous section, in many respects, even for the small M 3 values shown. In particular, there is no focus point region at large m 0 , but there is a small µ region for θ 24 /π = 0.055 to 0.08. The region is confined to m 0 ∼ < 1200 GeV here, because for larger A 0 = −2m 0 the lighter top squark decreases in mass due to the top-squark mixing, and becomes the LSP. The thinner strips of allowed dark matter along the upper right-hand sides of the shaded allowed regions in Figures 4.1 and 4 .2 are stop co-annihilation [136] [137] [138] [139] and stop-mediated annihilation [34, 36] regions, where the top squark is not much heavier than the LSP. The lower boundary wedges biting into the shaded allowed regions in GeV case of Figure 4 .1, the regions vetoed by stop LSP and stau LSP collide, separating the small µ region off into an island. The same thing is responsible for the islands in Figure 4 .2 for M 3 = 800, 1000, and 1200 GeV. Throughout these islands, one finds Ω DM h 2 ∼ < 0.12 due to a large higgsino content of the LSP.
V. SUPERPARTNER MASS SPECTRA AND DISCOVERY PROSPECTS
In this section, I will discuss the specifics of the superpartner mass spectrum for certain models discussed above. There are two distinct well-motivated branches of parameter space that I will consider. First, one can take semi-naturalness as the main motivation, and require |µ| less than a few hundred GeV. In this case, the predicted thermal Ω DM h 2 is much less than 0.12, so then I will simply assume that axions (or some other particles) are the dark matter, and apply no constraints from direct detection. Second, one can require instead that Ω DM h 2 = 0.12, so that the neutralino LSP is the dark matter, with the correct thermal relic abundance. This requires larger values of µ, but typically still in the range of about 1000 GeV. Here one can apply constraints from dark matter direct detection experiments.
In the first, "semi-natural", supersymmetry case, which is defined for practical purposes to include the region with θ 24 ∼ > 0.05 and small m 2 0 at M U , a typical one-parameter superpartner mass spectrum is shown in Figure 5 .1a. Here I have taken tan β = 20 and m 0 = A 0 = 0 GeV as in "no-scale" CMSSM models, and varied M 3 at M U , with the gaugino mass non-universality parameter θ 24 fixed for each model point so that µ = 250 GeV. The left cutoff of the lines is fixed by demanding M h > 123 GeV according to SuSpect. The lightest superpartners are two mostly higgsino-like neutralinos and a chargino, with masses given at tree level by the approximate formulas:
where electroweak symmetry breaking is treated as a perturbation, and ±1 is the sign of µ. The higgsino-like states satisfy MÑ , is a few GeV. One-loop radiative corrections to the tree-level formulas are significant, but can mostly be absorbed into the definition of the scale-dependent parameter µ.) There is nothing special about the value of µ = 250 GeV chosen here; it could even be as low as the current bounds from LEP2 of close to 100 GeV. The LHC discovery potential for this whole class of models is the same as discussed already in [20] , and is extremely challenging. (See also [21] . A similar case with nearly degenerate gauginos rather than higgsinos is discussed in [140] .) The direct production cross-section for higgsinos is quite small, and the decay products will give rise to soft leptons and jets, with significant physics and detector backgrounds and low trigger efficiencies, so that discovery may have to rely on extra radiated jets. Unlike the cases studied in [141, 142] , there are no superpartners that are close in mass that could decay to the higgsinos; in particular, the very motivation of this class of semi-natural supersymmetry models ensures that the wino-like state masses will be around the gluino mass, and much too heavy to produce with an appreciable cross-section at the LHC. From Figure 5 .1 we see that the discovery of the gluino and squarks is also quite problematic for the LHC, unless their masses are near the lower end of the range shown. It may also be possible to search for the light higgsino-like states using weak boson fusion [143] [144] [145] .
A more optimistic model line is shown in Figure 5 .1b, where now I have chosen m 0 = 600 GeV and A 0 = −1200 GeV in order to accommodate M h consistently with lower superpartner masses. Again I have fixed tan β = 20 and adjusted θ 24 for each model point so that µ = 250 GeV, providing for light higgsino-like states. In this case, the lower endpoint of the model line is given by the point at which a top squark becomes the LSP, and in this case the gluino and right-handed squarks could perhaps already be light enough to detect with the current data at the LHC with √ s = 8 TeV.
In both of the above cases, the heavier higgsino-like states will decay through off-shell weak bosons to the LSP according tõ
with branching ratios that are distorted by kinematics to disfavor tau and charm final states, to an extent that depends on the mass differences. The lighter top squark will decay according tõ with a nearly 100% branching ratio, while the gluino has its largest decay branching fractions equally to tt 1 and tt 1 . The bino-like neutralinoÑ 3 also has large branching fractions to tt 1 and tt 1 , but also to W ±C ∓ 1 . Thus the usual supersymmetry signals apply for gluino and squark production, but only if they are light enough to be produced in sufficient numbers at the LHC. Note that the wino-like statesC 2 ,Ñ 4 are heavier than the gluino and so will not participate in LHC discovery signals.
Finally, I turn to the dark-matter motivated alternative in which one requires a thermal relic abundance in accord with the WMAP and Planck observations. This requires a larger value of |µ|/M 1 in order to avoid overly efficient annihilation of the dark matter, so the superpartner mass spectrum looks qualitatively similar to Figure 5 .1, except that the higgsino-like states will be much heavier, of order 1000 GeV. I show in the first panel of Figure 5 .2 the predictions for the spinindependent LSP-nucleon cross-sections (obtained from version 3.1 of micrOmegas [111] - [114] with the default choices for nuclear matrix elements, including f s = 0.0447) for the models of Figure 2 .2 with tan β = 10, varying θ 24 and m 0 , and M 3 continuously varied from 1200 to 2500 GeV. Here, by varying θ 24 , I require that the thermal relic abundance lies in the range Ω DM h 2 = 0.120 ± 0.005. The model point symbols are coded according to four regions: the small µ region with large M 2 and θ 24 /π > 0.05 (red); the focus point region with small µ and m 0 > 5000 GeV (green); the small M 2 region with θ 24 /π ∼ < −0.055 (blue); and the Higgs-mediated co-annihilation island region (orange). The boundaries between the first and second regions and the second and third regions are fuzzy, as indicated by the overlap of model points. Also shown are the present limits from XENON100 [119] and the LUX 85 day data [120] (solid lines), and some projected reaches for LUX 300 day [146] and XENON 1T [147] runs (dashed lines). Some, but not all, of the focus point models are in tension with the XENON100 and LUX85 limits. (Here it is good to keep in mind the significant uncertainties associated with nuclear matrix elements.) However, the other regions are clearly safely beyond the current limits. Most of the small µ region and the Higgs-mediated island will eventually be explored by ton-class direct detection experiments, but the bino-wino co-annihilation region will continue to be a challenge.
Similarly, the remaining three panels of Figure 5 .2 show the corresponding spin-independent LSP-nucleon cross-sections for the other three cases that were studied above in Figures 3.1 The spin-independent LSP-nucleon cross-section as a function of LSP mass, for models shown in Figures 2.2, 3 .1, 4.2, and 4.1 that satisfy Ω DM h 2 = 0.120 ± 0.005. The model point symbols are coded according to four regions: the small µ region with large M 2 at positive θ 24 (red); the focus point region with small µ and m 0 > 5000 GeV (green), which occurs only in the first panel; the small M 2 region with negative θ 24 (blue); and the Higgs-mediated co-annihilation island region (orange), which occurs only in the top two panels. In the bottom two panels, the small µ region points with m 0 greater than 1250 GeV are shown separately (pink circles).
are indicated separately, and mostly consist of models where the dark matter thermal abundance arises in part due to co-annihilations with top squarks. We see that the region with relatively small µ will be nearly, but not completely, probed by ton-class direct dark matter detection experiments, provided that m 0 is not larger than roughly 1250 GeV, depending on the other parameters of the model. For the larger m 0 case with stop co-annihilation, and for the wino-coannihilation case, it will remain very challenging for direct detection experiments to probe the models for some time.
VI. OUTLOOK
The discovery of the Higgs boson with a mass near 126 GeV is consistent with supersymmetry, and provides an important clue as to the superpartner mass spectrum. † This clue fits nicely with an expectation that the top squarks should be heavy. A heavy spectrum of squark and slepton masses also fits well with the current non-observation of squarks and the gluino at the LHC, and the suppression of flavor violation that one might otherwise expect in supersymmetry. However, it is in tension with expectations from naturalness. In this paper I have embraced the idea of only requiring "semi-natural" supersymmetry, where |µ| is required to be of order a few hundred GeV or less, but no expectations are taken with regard to other superpartner masses.
Within the framework of non-universal gaugino masses at the scale of gauge coupling unification, this is seen to be nicely consistent with the idea of flavor-preserving sfermion masses coming from gaugino mass dominance, m 2 1/2 ≫ m 2 0 , A 2 0 , like the well-known "no-scale" or "gaugino mediation" ideas. Although this idea was only mapped out in this paper for a tiny subset of possible models, it should be clear that this will work much more generally. For example, one can see from Figure  2 .1 that the same thing can occur for θ 24 /π ≈ 0.33, a region of parameter space that is far from the CMSSM case. The region of parameter space that we may be lead to through the clues mentioned above can be quite challenging both for the future explorations of the LHC and for direct dark matter experiments.
